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Abstract
The NbN and Nb films are prepared by the technique of radio frequency (RF) magnetron sputtering and heat-treated at 300 oC
and 400 oC respectively in the present work. The influences of heat-treatment on the morphology, chemical composition,
structure, nanomechanical properties and corrosion resistance of the films are studied. Results show that the particles in the films
prepared by the above method are all in nano-size. The polygon shaped particles in the Nb films are very thin and small, while
the particles in the NbN films prepared under the same condition are pebble-like, larger, and more compact. The nanomechanical
properties and corrosion resistance of both the films are improved apparently after the heat-treatment. The corrosion resistance
and mechanical properties of NbN film are always better than those of Nb film. The mechanism about the heat-treatment on the
property considering the structural evolution is also discussed in this paper.
© 2013 The Authors. Published by Elsevier B.V.
Selection and peer-review under responsibility of the Chinese Heat Treatment Society.
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1. Introduction
NbN and Nb are excellent in mechanical properties, electrical properties and chemical properties, playing an
important role in the field of mechanics, microelectronics and chemistry (Wang et al., 2006, Han et al., 2004,
Cansever, 2008). More and more attention has been given to the application of NbN and Nb, which have great
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development potential. The current researchers, however, mainly focus on the application of Nb in bulk materials
(Han et al., 2004, Cansever, 2008, Dueñas et al., 2009, Zhou et al., 2011). Few researches on NbN and Nb films are
reported. Due to the influence of the preparation techniques, there always exist residual stresses in the films, which
may shorten their service life (Dueñas et al., 2009, Wang et al., 2010, Arima et al., 2009, Ding et al., 2007, Hwang
et al., 2005). In order to maintain good mechanical properties, the films should be heat-treated in low temperature
before being put into service (Noufi et al., 1985, Yue et al.,2009, Seo et al., 2010, Litteken et al., 2005, Matsue et
al.,1996.). Therefore, it is of great significance to study the crystalline transformation and the change of mechanical
properties and corrosion resistance of NbN and Nb films during low temperature heat-treatment.
In this study, the films of NbN and Nb are prepared by using magnetron sputtering technology, and then heat-
treated at low temperature. The morphology and phase structure before and after treatment are examined to analyze
the influence of heat-treatment on the nanomechanical properties and corrosion resistance of the films.
2. Experimental methods
The films of NbN and Nb were sputtering deposited on single crystal Si wafers by radio frequency magnetron
sputtering system of JGP450-PECVD200. The substrates were grinded and polished, alkaline degreased, and then
ultrasonic cleaned with distilled water and ethanol before deposition. A J60×3mm sputtering target made of 99.99
% purity Nb as source material was used and the distance between the target and substrates was 70 cm. The Ar was
used as sputtering gas.
During the heat-treatment, the samples were first heated to 300oC or 400oC at 0.3 Pa pressure, isothermal treated
at 300 oC for 1 h, and then air cooled.
The morphology, phase structure, nanohardness and the elastic modulus of the films were analyzed with field
emitting scanning electron microscope (FESEM), X-ray diffraction (XRD) and nanomechanical test system,
respectively.
Corrosion resistance measurements of the films were performed using the electrochemical workstation of
PARSTAT2273. The packaged samples were soaked in 3.5% NaCl solution for 1 hour before the electrochemical
test. The potentiodynamic polarization test was carried out using a three-electrode system. The saturated calomel is
of the reference electrode, and the platinum is of the auxiliary electrode. The test samples with effective exposure
working area of 1 cm2 are of the working electrodes. Tests were carried out in the corrosion medium 3.5% NaCl
solution at room temperature. The scanning speed is 0.33 mV/s.
3. Results and discussion
3.1. Effects of heat-treatment on morphology, composition and structure of films
Fig. 1 shows the microstructure of Nb and NbN films before and after heat-treatment. It can be seen that the
particles in the Nb films are thin and small with the shape of polygon, while the particles in the NbN films prepared
under the same condition are pebble-like, larger, and more compact than that in the Nb films. But all of them are of
the nano level. After treatment, the surface of the Nb films becomes more compact, and some white particles
appeared on the films that are demonstrated to be oxide of Nb by energy dispersive spectrometer (EDS). The
particles in the NbN films become thinner after treatment, and there are some micro-cracks emerged in the films.
The higher the treated temperature is, the thinner the particles are, and the wider the micro-cracks are.
The X-ray diffraction results of the Nb and NbN films before and after heat-treatment are given in Fig. 2. Where,
we can see that the heat-treatment at low temperature has nearly no effect on the crystallographic orientation of the
films. However, after the treatment some diffraction peaks of NbOx and Nb4N3 appeared in the diffraction spectra of
the Nb and NbN films, which indicates that the modification of film surfaces has occurred and multiphase structure
appeared because of the chemical reaction between Nb and O, N in the air.
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Fig. 1 The surface morphology of Nb (a, b, c) and NbN (d, e, f) films before and after heat-treatment: (a, d) without treatment, (b, e) treated at
300 oC, (c, f) treated at 400 oC
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Fig. 2 The XRD results of the Nb (a) and NbN (b) films before and after heat-treatment
3.2. Effects of heat-treatment on corrosion resistance of films
The electrochemical results of the films before and after heat-treatment are shown in Fig. 3. In which, the
passivation in the anode areas of the Nb and NbN films with or without heat-treatment is obvious, indicating that the
films both have excellent corrosion resistance. Before heat treatment, the corrosion current density of the Nb film is
about 1 order of magnitude higher than that of the NbN film, which means that the NbN film has better corrosion
resistance than the Nb film. After treated at 300 oC, the Ecorr of the NbN film increased up to 300 mV,
tremendously above the Ecorr of the Nb film. When treated at 400 oC, the Ecorr of the Nb film improved further and
the corrosion current density decreased. It indicates that corrosion resistance of the Nb film increased with
increasing treated temperature. Whereas, the NbN film treated at 400 oC has lower corrosion resistance compared
with that treated at 300 oC. The reason for this phenomenon is that the micro-cracks in the surface of the NbN film
were widened when treated at 400 oC, inducing local gap corrosion on the film surface. As for the Nb film, the
elevated treating temperature decreased the crystallinity of the Nb film, and increased its compact, which results in a
higher corrosion resistance at higher treating temperature.
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Fig. 3 The potentiodynamic polarization curves of the Nb and NbN films before and after heat-treatment
Fig. 4 Nanomechanical properties of Nb and NbN films
3.3. Effects of heat-treatment on the nanomechanical properties
The nanoindentation results of the films under different conditions are shown in Fig. 4. It can be seen that, before
heat-treatment, the elastic modulus of the Nb and NbN film is almost the same and the nanohardness of the NbN
film is slightly higher than that of the Nb film. After treatment, the nanohardness and elastic modulus of both films
improved obviously, and the improvement of the NbN film is even more apparent. It is revealed by XRD and SEM
results that the films were oxidized during heat-treatment. In the heat-treatment process, the atom structure may
reset partly and a large amount of defects such as vacancies and interstitial atoms may emerge in the crystals,
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resulting in an increased hardness of the films. Due to the low heat-treated temperature the defects and the atoms can
hardly reach a balance, which leads to a large number of dispersion strengthening effects in the films.
4. Conclusion
The nanoscale films of Nb and NbN prepared by RF magnetron sputtering have compact structure, good
nanomechanical property and corrosion resistance. The morphology and phase structure changed obviously during
low temperature heat-treatment. The corrosion resistance and nanomechanical property of both films are improved
apparently after heat-treatment since the content of nitride and oxide in the film increased in the heat-treatment
process.
Acknowledgement
This work is financially supported by the National Basic Research Program of China (973 Program) (No.
2011CB013404), National Natural Science Foundation of China (Nos. 51375106, 51275105, 50905038) and Natural
Science Foundation of Heilongjiang Province of China (No. E201017).
References
Wang C., Du X.K., Wang T.M., Zhou L., Ru N., Chen B.L., 2006. Preparation and optical properties of Nb-NbN multilayer films as solar
selective absorptive coatings. Rare Metals 25, 355-359.
Han Z.H., Hu X.P., Tian J.W., Li G.Y., Gu M.Y., 2004. Magnetron sputtered NbN thin films and mechanical properties.Surf. Coat. Technol. 179,
188-192.
Cansever N., DanOPman M., Kazmanl K., 2008. The effect of nitrogen pressure on cathodic arc deposited NbN thin films. Surf. Coat. Technol.
202, 5919-5923.
Dueñas S., Castán H., García H., Gómez A., Bailón L., Kukli K., Niinistö J., Ritala M., Leskelä M., 2009. Comparison between the electrical
properties of atomic layer deposited thin ZrO2 films processed from cyclopentadienyl precursors. Microelectron. Eng. 86, 1689-1691.
Zhou Z.C., Xiong J.Y., Gu S.Y., Yang D.K., Yan Y.J., Du J., 2011. Anelastic relaxation caused by interstitial atoms in V-type sintered Ti–Nb
alloys. J. Alloys Compd. 509, 7356-7360.
Wang X.L., Wang G., Zhang K.F., 2010. Microstructure and room temperature mechanical properties of hot-pressed Nb–Si–Ti–Fe alloys. J.
Alloys Compd. 502, 310-318.
Arima T., Miyata K., Idemitsu K., Inagaki Y., 2009. Oxidation properties of Zr–Nb alloys at 973–1273 K in air. Prog. Nucl. Energ. 51, 307-312.
Ding Y., Chen G.H., Liu G.H., Zhu X.H., Zhang W.L., He B., Ma Z.J., He D.Y., 2007. Double effects of atomic hydrogen anneal on the
microstructure of hydrogenated amorphous silicon films. Vacuum. 82, 105-108.
Hwang J.S., Kim W.S., Park H.H., Kim T.S., 2005. The effect of intermediate anneal on the ferroelectric properties of direct-patternable PZT
films. Sensors Actuat. A: Phys. 117, 137-142.
Noufi R., Souza P., Osterwald C., 1985. Effect of air anneal temperature on the spectral response of CdS/CuInSe2 thin-film solar cells. Solar
Cells.15, 87-91.
Yue G.H., Wang W., Wang L.S., Wang X., Yan P.X., Chen Y., Peng D.L., 2009. The effect of anneal temperature on physical properties of SnS
films. J. Alloys Compd. 474, 445-449.
Seo S.Y., Kim K.J., Shin J.H., 2010. Anneal temperature dependent Er3+/Tm3+ energy transfer and luminescence from Er and Tm co-doped
silicon-rich silicon oxide. Thin Solid film. 518, 7012-7015.
Litteken C.S., Strohband S., Dauskardt R.H. ,2005. Residual stress effects on plastic deformation and interfacial fracture in thin-film structures.
Acta. Mater. 53, 1955-1961.
Matsue T., Hanabusa T., Ikeuchi. Y., 1996.Residual stress and its thermal relaxation in TiN films. Thin Solid Films. 281-282, 344-347.
